Introduction
High comorbidity between depression and drug addiction suggests a convergence of molecular mechanisms and neural circuitry in the regulation of reward-related and other emotional behaviors (Ford et al., 2009; . Chronic cocaine administration and chronic social defeat stress (CSDS) each alter gene expression in the nucleus accumbens (NAc), an important brain reward region, and chromatin regulation-in particular, histone writers and erasers as well as proteins that control DNA methylation-has been shown to be important for mediating these events (Renthal et al., 2007; Hunter et al., 2009; Jiang et al., 2010; Maze et al., 2010; Covington et al., 2011; Hollis et al., 2011; Deng et al., 2014; Feng et al., 2015; Hodes et al., 2015) . ATP-dependent chromatin remodeling complexes also play a key role in regulating nucleosome positioning to control gene expression and have recently been implicated in complex behavior such as learning and memory (Whitehouse et al., 2007; Clapier and Cairns, 2009; Yen et al., 2012; Narlikar et al., 2013; Vogel-Ciernia et al., 2013) . In addition, the persistent induction of BAZ1A, an accessory subunit of the ISWI family of chromatin remodeling proteins, and the resulting upregulation of the ACF complex in the NAc has been shown to be important in mediating chronic-stress-induced depressive-like behavior (Sun et al., 2015) .
The related ISWI subunit, BAZ1B (also known as WSTF, or Williams Syndrome Transcription Factor), was first discovered by mapping the deletion region of patients with the developmen-tal disorder Williams-Beuren syndrome (Lu et al., 1998; Peoples et al., 1998) . The BAZ family of proteins contain a BAZ type of bromodomain (Jones et al., 2000) and BAZ1B in particular is implicated in several chromatin remodeling/transcriptional complexes (including associating with the ISWI subunit, SMARCA5) with diverse roles in regulating DNA replication, DNA repair, and transcription (Bozhenok et al., 2002; Poot et al., 2004; Cavellán et al., 2006; Percipalle et al., 2006; Xiao et al., 2009; Vintermist et al., 2011; Culver-Cochran and Chadwick, 2013; Lundqvist et al., 2013; Sarshad et al., 2013; Takada, 2015) .
Here, we characterize the role of BAZ1B in NAc after chronic exposure to two distinct emotional stimuli, cocaine and social stress. We then map the binding of BAZ1B genome wide in this brain region under both conditions to identify genomic regions implicated in its behavioral actions.
Materials and Methods
Animals. C57BL/6J male mice (7-8 weeks old; Jackson Laboratory) were housed at constant temperature (23°C) on a 12 h light/dark cycle with ad libitum access to food and water. Experiments were initiated when the animals were 9 -10 weeks old. In CSDS experiments, CD1 retired male breeder mice were used as aggressors (see below). Sprague Dawley male rats (275-300 g; Harlan Laboratories) were used for cocaine selfadministration experiments. All protocols were approved by Mount Sinai's Institutional Animal Care and Use Committee (IACUC) unless specified otherwise.
Intraperitoneal cocaine administration. Cocaine hydrochloride (Sigma-Aldrich) was dissolved in sterile 0.9% saline (w/v). Daily saline or cocaine (20 mg/kg, i.p.) injections were administered in the animals' home cages.
NAc RNA isolation and qRT-PCR. Bilateral 14 Ga punches of NAc were obtained at varying times after the last cocaine or other treatment and frozen on dry ice. Samples were then homogenized in TRIzol and processed according to the manufacturer's instructions. RNA was purified with RNAeasy Micro columns and reverse transcribed using an iScript Kit. cDNA was quantified by qPCR using SYBR green. Each reaction was performed in duplicate and analyzed following the standard ⌬⌬Ct method using Gapdh as a normalization control. Gapdh mRNA levels were not affected by either cocaine or CSDS treatments.
Viral-mediated gene transfer. Herpes simplex virus (HSV) plasmids were packaged into high-titer viral particles as described previously (Maze et al., 2010) . Viral titers were between 3 and 4 ϫ 10 8 particles/ml. Mice were positioned in small animal stereotaxic instruments under ketamine (100 mg/kg)/xylazine (10 mg/kg) anesthesia and their cranial surfaces were exposed. Thirty-three gauge syringe needles were bilaterally lowered into NAc (anterior/posterior ϩ1.6; medial/lateral ϩ1.5; dorsal/ ventral Ϫ4.4 mm from bregma, 10°angle) to infuse 0.5 l of virus. Infusions occurred at a rate of 0.1 l/min. Animals receiving HSV injections were allowed to recover for at least 24 h after surgery.
Conditioned place preference (CPP). Place conditioning was performed as described previously (Maze et al., 2010) with slight modifications. Several visual and nonvisual (tactile) cues enabled the animals to distinguish two side chambers of a three-chamber apparatus. All conditioning and test sessions were performed under dim illumination. Baseline preference was monitored and balanced 1 d before surgery. After surgery and recovery, mice were conditioned for 30 min over 2 d to the saline-paired side in the morning and the cocaine-paired side (7.5 mg/kg, i.p.) in the afternoon. On the final day, mice were placed again in the central compartment at noon and allowed to move freely between the two side chambers for 20 min. CPP scores were calculated as time spent in the cocaine-paired chamber minus the time spent in the saline-paired chamber.
Locomotor activity. After recovery from surgery, mice were habituated in a rectangular-shaped arena equipped with motion sensors for 1 d for 30 min and then monitored for locomotor activity after a saline injection Scobie et al., 2014) . Cocaine (10 mg/kg. i.p.) was then administered daily in the locomotor box for 5 d, with locomotor activity monitored for 30 min thereafter.
Cocaine self-administration. This study was conducted in accordance with the guidelines set up by the IACUC of the State University of New York at Buffalo. The details of this procedure have been described previously (Scobie et al., 2014; Gancarz et al., 2015) . Briefly, naive male Sprague Dawley rats were implanted with jugular catheters, allowed 7 d of recovery, after which they were randomly assigned to self-administer either saline or cocaine (1 mg/kg/infusion). Rats were tested for selfadministration for 10 daily 2 h sessions, during which responses at the active snout-poke hole resulted in intravenous injections of cocaine (or saline) according to a fixed ratio 1 schedule. Infusions were accompanied by a 5 s illumination of the stimulus light above the active snout-poke hole. Responses at the inactive snout-poke hole resulted in no programmed consequences. After the last day of self-administration, the rats were returned to their colony rooms and left undisturbed for 7 d. They were subsequently retested for a single-self-administration session in an identical manner as in previous self-administration sessions and killed 24 h after the reexposure test for tissue collection.
For the cocaine dose-response experiment, a separate cohort of rats were first exposed to 5 d of cocaine self-administration, during which animals underwent self-administration training as described above. On day 6, animals were subsequently trained on a within-session doseresponse procedure for 5 additional days (Scobie et al., 2014; Gancarz et al., 2015) . Briefly, the self-administration period was divided into 5 30 min components, each preceded by a 2 min timeout period. This arrangement allowed the assessment of a range of cocaine doses in a single session. The cocaine dose per injection was regulated by adjusting infusion volumes and pump durations. Rats were exposed to 5 doses of cocaine (0.03, 0.06, 0.10, 0.30, and 1.00 mg/kg/infusion) for 30 min. The order of doses tested was pseudorandomized such that the same doses were never tested in the same order during training. After training, animals were counterbalanced according to self-administration performance and infused with either HSV-GFP or HSV-BAZ1B ϩ SMARCA5 in the NAc. After recovery from stereotaxic surgeries, animals were placed in the operant chambers and retested on the within-session doseresponse procedure described above. In addition, animals were tested in a paradigm that is thought to be an indirect measure of drug seeking Werner et al., 2015) . Briefly, animals were placed back in the operant chambers with all of the same cues, but without drug infusions, and responses in the previously active snout-poke hole were measured for 1 h.
Western blotting. Frozen NAc tissue was homogenized in 30 l of buffer containing 10 mM Tris, 150 mM NaCl, 1 mM EDTA, 0.1% SDS, 1% Triton X-100, 1% sodium deoxycholate, and protease inhibitors (Roche) using an ultrasonic processor (Cole Parmer). Protein concentrations were determined using a DC protein assay (Bio-Rad) and 50 g of protein was loaded onto 4 -15% gradient Tris-HCl polyacrylamide gels for electrophoresis fractionation (Bio-Rad). Proteins were transferred to nitrocellulose membranes, blocked with Odyssey blocking buffer (Li-Cor) and incubated overnight at 4°C with primary antibodies (BAZ1B: Abcam ab51256, 1/500; SMARCA5: Abcam ab3749, 1/500) in Odyssey blocking buffer. After thorough washing with 1ϫ Tris-buffered saline plus 0.1% Tween 20, membranes were incubated with IRDye secondary antibodies (1/5000 to 1/10000; Li-Cor) dissolved in Odyssey blocking buffer for 1 h at room temperature. For analysis, the blots were imaged with the Odyssey Infrared Imaging system (Li-Cor) and quantified by densitometry using ImageJ. The amount of protein blotted onto each lane was normalized to levels of GAPDH (Cell Signaling Technology 2118, 1/30000) or ␤-actin (Cell Signaling Technology 3700, 1/10000), the levels of which were not affected by cocaine or CSDS treatments.
CSDS. CSDS was performed exactly as described previously (Berton et al., 2006; . Briefly, an experimental C57BL/6J mouse was placed into the home cage of a CD1 mouse for 10 min, during which time it was physically defeated by the CD1 mouse. After the physical interaction, the CD1 and experimental mouse were maintained in sensory contact for 24 h using a perforated Plexiglas partition dividing the resident home cage in two. The experimental mice were exposed to a new CD1 mouse for 10 consecutive days. Other than not being exposed to physical defeat by a CD1 mouse, control mice were housed under similar conditions as CSDS mice with a perforated Plexiglas separating two control mice. The control mice were also handled daily like the CSDS mice so that they were exposed to a novel control mouse for 10 consecutive days. A social interaction (SI) test was performed 24 h after the last defeat or control session on both CSDS and control mice (Berton et al., 2006) . For the SI test, mice were placed in an open field that included an interaction zone and two opposing corner zones. A social target (novel CD1 mouse) was placed in a metal meshplastic box in the interaction zone, which allows sensory but not physical interaction. Ethovision XT (Noldus) tracking software was used to measure the time that the test mouse spent in the interaction zone with and without the target CD1 present (2.5 min). The SI ratio was calculated as follows: (time in interaction zone with target CD1)/(time in interaction zone without CD1) ϫ 100. CSDS mice with an SI ratio of Ͻ100 were categorized as susceptible and those with SI ratios of 100 and above were termed resilient. This determination has been shown to be a highly reliable measure of two distinct phenotypic responses to CSDS and has been validated in numerous studies Sun et al., 2015) .
ChIP, library preparation, and sequencing. ChIP, library preparation, and sequencing were performed as described previously (Feng et al., 2014; Sun et al., 2015) . For each ChIP-sequencing (ChIP-seq) replicate, bilateral 14 Ga NAc punches were pooled from five to 10 mice. Tissue was lightly fixed to cross-link DNA with associated proteins and the material was further sheared using a Bioruptor to obtain mostly 100 -300 bp fragments and immunoprecipitated using sheep anti-rabbit magnetic beads conjugated to an antibody that specifically recognizes BAZ1B. Immunoprecipitated DNA and total (input) genomic DNA were prepared for ChIP-seq using an Illumina kit according to the manufacturer's instructions. Each experimental condition was analyzed with independent biological triplicates. Amplification and size selection were confirmed with a BioAnalyzer. The resulting libraries were sequenced on an Illumina HiSeq 2500 with 100 bp read length.
ChIP-seq data analysis. ChIP-seq data were aligned to the mouse genome (mm9) by CASAVA 1.8, and only unique reads were retained for analysis. FastQC (http://www.bioinformatics.babraham.ac.uk/ projects/fastqc/) was applied for quality control and then SAMTools (http://samtools.sourceforge.net) was used to remove potential PCR duplicates . PhantomPeak (https://code.google.com/p/ phantompeakqualtools/) was applied to estimate the quality and enrichment of the ChIP-seq dataset (Landt et al., 2012) . Additional ENCODE quality metrics, such as the normalized strand coefficient (NSC) and the relative strand correlation (RSC), were calculated. For all samples in our research, NSC was Ն1.05 and RSC was Ն0.8. Basic filtering and quality control confirmed that these samples were of strong quality and exceeded ENCODE standards (Landt et al., 2012) . Differential analysis between treatment groups was performed with an in-house program called diffReps. For more details, please refer to http://code.google.com/p/ diffreps/ . The Corrgram package in R software was used to calculate and visualize the correlation between different chromatin remodelers and histone marks. TDF files (all duplicative/redundant reads Ͼ2 removed) were applied in IGV for genome browser views of ChIP-seq tracks.
Statistical analysis. Student's t tests were used whenever two groups were compared. One-way and two-way ANOVAs were performed wherever necessary to determine significance for all other data. Significant main effects ( p Ͻ 0.05) were further analyzed using post hoc tests.
Results

BAZ1B and SMARCA5 in cocaine action
We first assessed the effect of chronic administration of cocaine on expression levels of Baz1b (an accessory ISWI subunit) and Smarca5 (a core ISWI ATPase subunit) in the NAc. We found that mRNA levels of both Baz1b (t (12) ϭ 3.309, p ϭ 0.0062) and Smarca5 (t (12) ϭ 3.537, p ϭ 0.0041) were transiently but significantly increased 30 min after 7 daily cocaine injections (20 mg/kg, i.p.) compared with saline controls (Fig. 1A) . This increase returned to control levels 24 h and 7 d after the last injection ( Fig.  1A) . A similar induction of NAc BAZ1B mRNA (t (11) ϭ 2.798, p ϭ 0.017) and protein levels (t (18) ϭ 2.456, p ϭ 0.024) was observed after chronic cocaine self-administration ( Fig.  1 B, C) , whereas a nonstatistically significant trend for an increase in Smarca5 mRNA levels was observed after cocaine selfadministration (t (11) ϭ 1.694, p ϭ 0.118).
To examine directly whether increased Baz1b levels in NAc are causally important in regulating cocaine reward behavior, we used HSV-mediated gene transfer to rapidly overexpress BAZ1B (t (9) ϭ 2.584, p ϭ 0.030) and SMARCA5 (t (13) ϭ 2.413, p ϭ 0.031) in this brain region (Fig. 1D) . In an unbiased cocaine CPP paradigm, which provides an indirect measure of drug reward, animals with BAZ1B overexpression alone in NAc did not differ in cocaine preference compared with HSV-GFP controls (Fig. 1E ; one-way ANOVA: F (2,28) ϭ 3.578, p ϭ 0.0413; GFP vs BAZ1B: Dunnett's post hoc, q ϭ 1.580, p Ͼ 0.05). In contrast, animals with cooverexpression in NAc of BAZ1B plus SMARCA5 showed a significant increase in cocaine preference ( Fig. 1E ; Dunnett's post hoc, q ϭ 2.526, p Ͻ 0.05). Overexpression of SMARCA5 alone had no effect (data not shown). These observations are consistent with the knowledge, derived from cultured cells, that BAZ1B and SMARCA5 together form a functional complex that regulates nucleosome positioning (see Discussion). Similarly, BAZ1B ϩ SMARCA5 overexpression in NAc increased locomotor responses to repeated cocaine exposures compared with HSV-GFP controls, whereas it did not affect locomotor behavior in response to saline injections (Fig. 1F , two-way ANOVA: group F (3,84) ϭ 19.13, p Ͻ 0.0001; day F (5,84) ϭ 3.623, p ϭ 0.0051; interaction F (15,84) ϭ 1.465, NS).
Next, we investigated whether BAZ1B and SMARCA5 overexpression in NAc affected cocaine self-administration. Using a within-session dose-response self-administration procedure, we found that overexpression of BAZ1B and SMARCA5 in NAc increased cocaine self-administration ( Fig. 1G , 2-way ANOVA: dose F (4,48) ϭ 17.80, p Ͻ 0.0001; interaction F (4,48) ϭ 2.658, p ϭ 0.044), particularly at the lower doses (0.03 mg/kg: t (12) ϭ 2.127, p ϭ 0.0549; 0.06 mg/kg: t (12) ϭ 3.826, p ϭ 0.0024). In addition, after withdrawal, animals with BAZ1B ϩ SMARCA5 overexpression in NAc exhibited increased drug-seeking behavior compared with GFP control animals when placed back in the operant chambers with all of the same cues but no drug infusions ( Fig. 1H , t (12) ϭ 2.216, p ϭ 0.0467). Together, these lines of evidence suggest that the BAZ1B-SMARCA5 complex increases sensitivity to cocaine reward.
BAZ1B and SMARCA5 in CSDS
We next examined the regulation of Baz1b in NAc by CSDS, an ethologically validated mouse model of depression (Berton et al., 2006; Hollis et al., 2011) . Over 10 consecutive days, C57BL/6J male mice were subjected to daily 10 min aggressive encounters with CD1 mice, followed by sensory but not physical contact for the remainder of the day. After CSDS, ϳ65% of test mice exhibited depression-related behavioral abnormalities including social avoidance and were termed susceptible, whereas the remaining ϳ35% did not exhibit these behavioral abnormalities and were termed resilient  Fig. 2A ). Baz1b mRNA levels in NAc of resilient animals were elevated 48 h after the last CSDS session compared with nonstressed controls (Fig. 2B ; one-way ANOVA: F (2,47) ϭ 10.80, p ϭ 0.0001; control vs resilient: Dunnett's post hoc q ϭ 4.540, p Ͻ 0.001), with no differences observed 10 d after CSDS (Fig. 2C ; One-way ANOVA: F (2,20) ϭ 3.441, p ϭ 0.0543; control vs resilient: Dunnett's post hoc q ϭ 2.153, p Ͼ 0.05). BAZ1B protein levels were similarly increased in resilient animals 48 h after CSDS ( Fig. 2D ; one-way ANOVA: F (2,18) ϭ 3.394, p ϭ 0.0591; control vs resilient: Dunnett's post hoc q ϭ 2.536, p Ͻ 0.05). No differences were observed for NAc BAZ1B mRNA and protein levels in susceptible animals nor for NAc SMARCA5 mRNA and protein levels in susceptible or resilient animals compared with controls ( Fig. 2B-D) .
To test directly the hypothesis that elevated BAZ1B levels play a causal role in regulating resilience to social stress, we overexpressed BAZ1B plus SMARCA5 selectively in NAc of adult animals and then examined stress susceptibility versus resilience using an accelerated repeated social defeat protocol that induces behavioral deficits in HSV-GFP control mice within the time frame of maximal HSV-mediated transgene expression (Krish-nan et al., 2007; Sun et al., 2015) . Animals overexpressing BAZ1B ϩ SMARCA5 in NAc showed increased social interaction compared with HSV-GFP controls ( Fig. 2E ; t (12) ϭ 3.614, p ϭ 0.0036.), indicating that induction of NAc BAZ1B increases resilience to social defeat stress.
Genome-wide mapping of BAZ1B binding in NAc under cocaine and CSDS conditions
We used ChIP-seq to map BAZ1B binding genome wide in NAc under control, cocaine, and CSDS conditions. Using diffreps (Shen et al., 2013), we determined sites of differential BAZ1B binding between saline-and cocaine-treated animals, as well as between control, susceptible, and resilient animals. There were 223 increased BAZ1B binding events (at 78 genic and 145 intergenic sites) after chronic cocaine compared with saline and 159 decreased BAZ1B-binding events (at 52 genic and 107 intergenic sites) ( Fig. 3A ; genic: 2 (df ϭ 1) ϭ 5.200, p ϭ 0.0113; intergenic: 2 (df ϭ 1) ϭ 5.730, p ϭ 0.0084). This is consistent with our observation of BAZ1B induction in NAc after cocaine exposure ( Fig. 1A-C) . Likewise, we observed increased genome-wide binding of BAZ1B in NAc of resilient animals compared with control mice (167 increased and 75 decreased) and susceptible mice (115 increased and 61 decreased) ( Fig. 3 B, C) . The increased genomewide BAZ1B binding in resilient animals was observed in both genic and intergenic regions (resilient vs control: genic: 2 (df ϭ 1) ϭ 34.975, p Ͻ 0.0001; intergenic: 2 (df ϭ 1) ϭ 173.376, p Ͻ 0.0001; resilient vs susceptible: genic: 2 (df ϭ 1) ϭ 16.568, p Ͻ 0.0001; intergenic: 2 (df ϭ 1) ϭ 29.823, p Ͻ 0.0001).
We next investigated whether the upregulated BAZ1B binding in NAc of cocaine-exposed mice and of resilient mice after CSDS occur at similar or distinct subsets of genes. Of the 162 and 69 genes that showed increased NAc BAZ1B binding in cocainetreated and resilient animals, respectively, there was only overlap of 4 genes (221040812Rik, Anks1b, Col19a1, and Sphkap) , suggesting that BAZ1B promotes cocaine reward and stress resilience mainly by regulating different subsets of genes (Fig. 3D, top) . Similarly, decreased BAZ1B binding in cocaine-treated and resilient animals occurred in a distinct subset of genes with minimal overlap (Fig. 3D, bottom) . We examined one of the four genes that showed increased BAZ1B binding in NAc under both cocaine and resilient conditions, Sphkap (sphingosine kinase type 1-interacting protein), and confirmed increased BAZ1B binding in both conditions relative to their respective controls (Fig. 3E) . Interestingly, at these sites that showed increased BAZ1B binding, there was no obvious increase in SMARCA5 binding, but rather subtle shifting of SMARCA5 location within these regions (Fig. 3E) .
To examine BAZ1B's potential transcriptional role, we correlated BAZ1B binding in promoter regions genome-wide with published ChIP-seq data for SMARCA5 and for several well studied histone marks (Feng et al., 2014; Feng et al., 2015; Sun et al., 2015;  Fig. 3F ). There was a strong positive correlation between BAZ1B and SMARCA5 binding (r ϭ 0.873), suggesting that BAZ1B is at least partly working with SMARCA5 to exert its regulation. Agreeing with the previously reported transcriptionally activating role of BAZ1B in other systems (Vintermist et al., 2011; Culver-Cochran and Chadwick, 2013; Lundqvist et al., 2013; Sarshad et al., 2013; Takada, 2015) , we found positive correlations between BAZ1B binding and three activating histone marks, H3K4me3 (r ϭ 0.117), H3K4me1 (r ϭ 0.279), and H3K27Ac (r ϭ 0.332), and a negative correlation between BAZ1B and two repressive marks, H3K9me2 (r ϭ Ϫ0.165) and H3K9me3 (r ϭ Ϫ0.101). Surprisingly, BAZ1B had a significant 
Discussion
Results from the present study demonstrate that BAZ1B is upregulated in NAc by two types of chronic emotional stimuli, cocaine and social defeat stress. Our functional experiments indicate that induction of BAZ1B in NAc enhanced behavioral responses to cocaine both for noncontingent (CPP and locomotor activity) and contingent (self-administration and drugseeking/relapse) paradigms, whereas such induction enhanced resilience to chronic stress. Together, these data establish that BAZ1B in NAc regulates behavioral responses to emotional stimuli: elevated levels of BAZ1B in this brain region heighten responses to rewarding stimuli and promote adaptive responses to aversive stimuli. Interestingly, the upregulation of BAZ1B by either stimulus does not persist for the duration of behavioral effects elicited by these two stimuli: Baz1b levels return to control values within hours or days of cocaine or stress exposure despite the fact that the behavioral sequelae of these treatments persist for weeks or months. In addition, Baz1b upregulation caused by chronic cocaine is more transient (minutes to hours after intraperitoneal cocaine) compared with that caused by CSDS (days), an observation that was also reported for another chromatin regulator, Dmnt3a (LaPlant et al., 2010) .
The transient nature of these regulation events suggests that BAZ1B may control other genes to exert longer-term behavioral effects. Our ChIP-seq data demonstrate altered binding of BAZ1B at numerous target genes after either stimulus. However, these genome-wide data show that these distinct emotional stimuli regulate virtually nonoverlapping subsets of genes to exert their functional effects. This is a surprising finding because, in both conditions (cocaine and CSDS), BAZ1B induction in NAc can be seen as enhancing reward. Our data thus underscore the important principle that an individual chromatin regulatory protein acting in the same tissue can exert very different molecular actions based on the larger context of the stimulus. The very small number of genes (e.g., Sphkap) that exhibited similar BAZ1B regulation after both chronic cocaine and CSDS may be molecular candidates in NAc that control global emotional states in response to rewarding or aversive stimuli, whereas the largely distinct subsets may represent those necessary in response to specific stimuli. Sphkap encodes an interesting protein that is thought to link cAMP and sphingosine signaling pathways (Kovanich et al., 2010) . The ChIP-seq data reported here therefore provide new avenues for understanding the biological mechanisms in NAc that control cocaine reward and stress resilience. An important question to address in the future is how the same complex (BAZ1B-SMARCA5) can regulate distinct subsets of Figure 3 . Genome-wide mapping of BAZ1B in NAc after cocaine or CSDS. A, Differential BAZ1B binding sites in NAc between chronic cocaine and saline treatment. B, Differential BAZ1B binding sites in NAc between resilient and control animals. C, Differential BAZ1B binding sites in NAc between resilient and susceptible animals. D, Overlap between upregulated (top) and downregulated (bottom) BAZ1B genic binding sites in NAc in resilient versus control and cocaine versus saline conditions. E, IGV (integrative genomics viewer) visualization of BAZ1B and SMARCA5 ChIP-seq tracks at Sphkap genomic loci in either separate (left) or overlaid (right) tracks in NAc of cocaine and saline groups (top), as well as control and resilient groups (bottom). F, Correlation between the binding of BAZ1B, SMARCA5, and several histone marks at promoter regions genome-wide in NAc. Corrgram package analysis was used to calculate correlation/r-values. To help with visualization, horizontal and vertical dotted lines were extended from each factor/chromatin mark. The piechart where the two lines intersect represents the correlation value between the two factors/marks. The size of the shaded region within the pie reflects correlation/r-values (bigger shaded region represents higher correlation or r-value), whereas the color of the shaded region represents the direction of correlation (blue reflects positive correlation and red reflects negative correlation). p Ͻ 2.2 ϫ 10 Ϫ 16 for all correlations. For A-C, 2 test, *p Ͻ 0.05, **p Ͻ 0.01, ***p Ͻ 0.001 in respective comparisons.
genes in response to different stimuli (e.g., whether distinct cofactors are recruited, etc.).
We recently implicated a related gene, Baz1a, in NAc in mediating susceptibility to CSDS (Sun et al., 2015) , whereas here, we demonstrate an opposite role for Baz1b in promoting stress resilience. This suggests that closely related ISWI subunits can form different chromatin remodeling complexes with very distinct functional consequences. Although controversy remains concerning the exact complexes that Baz1b forms in different systems (Yoshimura et al., 2014) , our overexpression studies as well as the high level of coincidence of BAZ1B binding with SMARCA5 binding genome-wide in NAc suggest that BAZ1B exerts its effect at least partly through association with SMARCA5. Likewise, BAZ1A is also thought to work in large part by complexing with SMARCA5 (see Sun et al., 2015) . An interesting parallel between Baz1a and Baz1b is that whereas only the accessory subunit (i.e., Baz1a or Baz1b) is regulated by CSDS without coregulation of the active ATPase (i.e., Smarca5), viral overexpression typically requires both components to exert a behavioral effect. However, whereas increased BAZ1A binding at genomic regions is typically associated with increased SMARCA5 binding (Sun et al., 2015) , this does not seem to be true for the BAZ1B-SMARCA5 complex, at least at the Sphkap locus, for example ( Fig. 3E) . Rather, increased BAZ1B binding after chronic cocaine or CSDS seems to redistribute subtly the binding of SMARCA5 around the affected locus rather than increasing its binding levels. Whether these differences contribute to different downstream effects remain interesting biochemical and mechanistic questions to address about these complexes in the future.
Consistent with previously reported transcriptional activation roles of BAZ1B in cell culture systems, we show here that BAZ1B binding at gene promoters in NAc is positively correlated with several histone marks associated with transcriptional activation (H3K4me3, H3K4me1, and H3K27Ac) and negatively correlated with histone marks associated with transcriptional repression (H3K9me3 and H3K9me2). However, it is curious that BAZ1B binding is also positively correlated with the repressive H3K27me3 mark. This novel finding suggests that BAZ1B may contribute to the regulation of genes with bivalent chromatin domains that have been implicated in poising certain genes for especially dynamic regulation (Watson et al., 2012) . Whether BAZ1B contributes to the regulation of such bivalent chromatin domains in NAc or other brain regions is a worthy subject for future investigation.
Together, results of the present study establish that induction of Baz1b in NAc both promotes cocaine reward behavior and promotes resilience to chronic social stress, indicating that it is important for the regulation of reward and other emotional behaviors. These findings will guide future investigations aimed at better understanding the biological basis of cocaineand stress-related disorders, a prerequisite for devising more effective treatments.
